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This study aimed to determine PjBL-STEM implementations effect to improve science process skills and 
students’ learning outcomes on the material of substances and their characteristics. The type of research used 
was a quasі-experiment with a pre-test post-test control group design. The research subjects were students of 
class VII Darul Ihsan Islamic Junior High School Aceh Besar, which consisted of eight classes. The sample group 
was determined by purposive sampling technique so that two classes were obtained as the research sample, 
namely class VII-G as an experimental class and VII-H as a control class. The results showed that the 
implementation of the PjBL-STEM model could increase students’ science process skills. The average students’ 
science process skills in the control and experimental classes were 53 and 55 with sufficient categories. 
However, after implementing the Discovery Learning model in the control class and PjBL-STEM in the 
experimental class, the students' science process skills' average score increased to 76 with good categories 
and 86 with excellent categories. The PjBL-STEM model was also able to improve students’ learning outcomes. 
Based on the results of the t-test analysis with a significant score of 0.05, it showed that the post-test scores 
in both classes were obtained t-count (2.011) > t-table (1.666), so it was concluded that there was a significant 
difference between the two classes. N-gain testing showed an increase in students’ learning outcomes between 
the control and experimental classes with scores of 74 and 79. This study concluded that the PjBL-STEM model 
could improve science process skills and students’ learning outcomes.  
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The results of science learning in Aceh are 
currently low. This is evidenced from the 
National Science Examination data for the last 
4 years from the 2015/2016, 2016/2017, 
2017/2018 to 2018/2019 academic year with 
respective  scores  of  56.33,  40.47,  38.75 and  
 
38.43. Especially the National Examination 
score for the 2018/2019 academic year on 
substances material and their characteristics, 
which is one of the science learning materials, 
with an average value of 36.72. This 
achievement is low compared to the national 
score of around 47.47 (Puspendik, 2019).  
Based on the results of interview that was 
conducted with one of the science subject 
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teachers at Darul Ihsan Islamic Junior High 
School, it was found that the KKM (Kriteria 
Ketuntasan Minimum/ Minimum 
Completeness Criteria) score for science 
subject at the school is 65. While the average 
score for the students' daily tests was 42.5. The 
completeness level of students' daily tests 
based on minimum completeness criteria was 
around 45% and that still low, so it can be 
concluded that the students’ learning 
outcomes in science learning are still not 
optimal. This is supported by the results of 
observations that there were still many 
students memorizing the science learning 
concept without understanding it. The results 
also show that the use of facilities and 
infrastructure that support the teaching and 
learning process such as projectors was still 
not optimal. The absence of a laboratory also 
has an impact on the lack of practical 
implementation in the school. Thus it will 
impact on low students’ science process skills 
(Wardanі et al., 2017). 
 
Science process skill is a skill that starts from 
observing, measuring, classifying, concluding 
and communicating (A'yun & Subalі, 2018). 
One of the science learning materials that 
requires the implementation of science 
process skills in the learning process is 
substances and their characteristics. It is 
hoped that students can design an activity that 
is able to add new knowledge from the 
observation and experiment process. This can 
be achieved if there are efforts that can 
support the students’ performance, one of 
them with combining the Project-Based 
Learning (PjBL) model with the Science, 
Technology, Engineering and Mathematics 
(STEM) approach or known as PjBL-STEM. 
Hariyanto et al. (2019) suggested that the PjBL 
model and the STEM approach are a 
combination that is very suitable to be applied 
in the 2013 curriculum learning, due to the 
similarities between them which are able to 
provide meaningful learning experiences for 
students. 
 
PjBL is a learning model that uses projects as 
learning media (Darmadі 2017). PjBL model 
can improve students’ science process skills 
(Asmі et al., 2017). Sumarnі et al. (2016) stated 
that PjBL helps students develop psychomotor 
skills and understanding concepts. PjBL is also 
able to foster students’ creativity and 
motivation to learn (Kuo et al., 2019). Fauzan 
et al. (2017) stated that PjBL model can 
improve students’ learning outcomes. The 
implementation of PjBL in science learning can 
be combined with the STEM approach 
(Permanasarі, 2017). 
 
STEM is an interdisciplinary approach that can 
help students understand in depth any 
material related to science, technology, 
engineering and mathematics (Fatmawatі et 
al., 2015). STEM can make students more 
actively involved in learning and develop an 
understanding of material concepts with their 
benefits in everyday life (Dasgupta et al., 
2019). Safitrі et al. (2018) and Amatullah et al. 
(2019) stated that STEM can improve students’ 
learning outcomes. Learning using this 
approach will be more fun so that it will affect 
students’ learning interest (Barry et al., 2019). 
 
PjBL and STEM are suitable to be combined 
because the focus of both learning lies in the 
products that students produce (Yulia et al., 
2019). The PjBL model combined with STEM 
can increase scientific literacy, motivation and 
interest in learning (Afriana et al., 2016). 
Another success mentioned by Afifah et al. 
(2019) that the use of PjBL-STEM can develop 
mastery of concepts and critical thinking skills. 
This is also in accordance with the statement 
of Saleh et al. (2020) and Beier et al. (2018) that 
PjBL-STEM can improve conceptual 
understanding and make students more 
actively involved in learning. 
 
2. RESEARCH METHOD 
 
The type of research used was quasi-
experimental with a quantitative approach. 
The research design used was pre-test-post-
test control group design. The population in 
this study were all students of class VII at Darul 
Ihsan Islamic Junior High School Aceh Besar in 
the 2019/2020 academic year, which consisted 
of 8 classes with a total of 256 students. 
Sampling was carried out by purposive 
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sampling technique with the sample 
requirements based on the same natural 
sciences value characteristics to determine the 
control and experimental classes. Based on the 
sampling technique, it was obtained class VII-
G with 36 students as the experimental class 
and class VII-H with 38 students as the control 
class. Data collection was obtained through 
science process skills validation sheets and 
test questions. The data were analyzed using 
the questions’ difficulty level test, the validity 
test, the reliability test, the N-gain, and the t-
test to determine science process skills and 
students’ learning outcomes. The data were 
also analyzed using the discrimination index, 
which intends to measure to what extent the 
question distinguishes the students (Azevedo 
et al., 2019). 
 
The implementation of the PjBL-STEM model 
was used in the experimental class, with 
several stages including reflection, research, 
discovery, application and communication. 
Whereas in the control class, a conventional 
model in the form of Discovery Learning (DL) 
was used with the syntax starting from 
providing stimulation, identifying problems, 
collecting and processing data, proving and 
drawing conclusions. 
  
3. RESULT AND DISCUSSION 
 
3.1 Students’ Science Process Skills Data 
Analysis 
The instrument for measuring the students’ 
science process skills in this study was an 
observation sheet developed by Subalі (2009). 
The students’ science process skills 
assessment was carried out twice for each 
class. The analysis of science process skills 
improvement can be seen from the 
percentage of each science process skills 
aspect which includes basic, processing and 
investigating skills. 
 
The analysis of students' science process skills 
improvement was obtained using the t-test 
and N-gain. The students' science process 
skills acquisition score in this study was seen 
before and after the implementation of the 
PjBL-STEM model which aims to find out the 
improvements that have occurred during the 
learning process both in the control and 
experimental classes. The average science 
process skills score before being given 
treatment in the control and experimental 
classes was 53 and 55, both of which belong 
to the sufficient category. Overall, the two data 
are not significantly different so it can be 
assumed that the initial science process skills 
abilities of students in the control and 
experimental classes are same. After knowing 
the students' initial science process skills 
score, the two classes were given treatment by 
implemented the DL model in the control class 
and PjBL-STEM in the experimental class. 
 
Science process skills assessment in the 
control class was conducted in four meetings. 
At the first and second meetings, the aspect 
assessed was basic skills with the sub-aspects 
of observing and recording the data or 
information provided. At the third meeting, 
the aspect assessed was processing skill in the 
form of making predictions. At the fourth 
meeting, the aspects assessed were related to 
several aspects of basic, processing and 
investigating skills. Sub-aspects of basic skills 
included following orders, taking 
measurements, manipulating movements, 
implementing procedures and techniques. 
Sub-aspects of processing skills included 
differentiating and selecting procedures. 
Furthermore, the last aspect assessed was 
investigating skills which are based on 
designing, implementing, and reporting 
research results. In the control class, the 
average score of science process skills for each 
aspect showed an increase. The average 
percentage of science process skills in the 
control class through the implementation of 
the DL model showed an increase from 53 
(sufficient category) to 76 (good category). 
 
Science process skills assessment in the 
experimental class was also conducted in four 
meetings. At the first meeting, the aspect 
assessed was basic skills with the sub-aspects 
of observing and recording the data or 
information provided. Science process skills at 
the second meeting were assessed based on 2 
aspects, basic skills with the sub-aspect of 
movement manipulation activities and 
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investigating skills with the sub-aspect of 
designing research. At the third meeting, the 
aspect assessed was basic skills with the sub-
aspects of following orders and taking 
measurements. The second aspect assessed in 
this third meeting learning process was 
processing skills with the sub-aspect of 
making predictions. At the last meeting, the 
aspect assessed was processing skills with the 
sub-aspect of differentiating activities. 
Furthermore, the last aspect assessed was 
investigating skills including the activities of 
carrying out and reporting research results. 
The results of the assessment showed that the 
average score in the experimental class using 
the PjBL-STEM model has increased from 55 
(sufficient category) to 86 (very good 
category). The average score before and after 
the implementation of DL and PjBL-STEM 
models can be seen in Figure 1. 
 
 
Figure 1.   Improvement of Students’ Science 
Process Skills 
 
Figure 1 shows that the increase in science 
process skills after implementing the DL and 
PjBL-STEM models occured in both classes, but 
the increase in the experimental class is higher 
than in the control class. This results are 
supported by the research of Anggraini et al. 
(2019) which states that PjBL can increase 
students’ science process skills by 19,36 %. 
This can happen because one of the 
advantages of PjBL model implementation is 
that it can make students actively involved in 
all learning activities presented by the teacher 
and can help solve problems related to real 
life. In addition, this model can also increase 
teamwork so that it will affect students’ 
science process skills (Astutik et al., 2019). 
 
3.1.1 Students’ Science Process Skills T-
Test 
Hypothesis testing related to the science 
process skills improvement was analyzed 
using the t-test with a significance value of 
0.05. The test results show the final science 
process skills scores of students in both classes 
has sig. (2-tailed) with a value of 0.048. This 
can be concluded that there are significant 
differences between the two classes. This 
difference can be an increase in the science 
process skills that occurred in the 
experimental and control classes. N-gain test 
was used to determine whether an increase 
has occurred or not. 
 
3.1.2 Students’ Science Process Skills 
Improvement 
The assessment of science process skills in this 
study was also determined using N-gain which 
aims to see the improvement that occured in 
the control and experimental classes. The 
average score for the science process skills 
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As shown in Figure 2, students’ science 
process skills increase in both the control and 
experimental classes. However, the increase in 
the experimental class is higher than the 
control class. The increase in science process 
skills that occurred in the experimental class 
was due to the implementation of model and 
the use of PjBL-STEM-based student 
worksheets in the learning process. This is 
because PjBL-STEM-based student worksheets 
can direct students to be actively involved, can 
improve performance in practicing, increase 
scientific literacy, and develop an 
understanding of knowledge and 
mathematics concept, and its application in 
real life contexts. Triana et al. (2020) stated 
that combining PjBL and STEM will be a 
learning support that capable of improving 
the students’ skills. Nadelson and Seifert 
(2017) stated that the use of STEM in the 
learning process has a very big impact, one of 
which is being able to increase the 
involvement of students in the learning 
process. Stohlmann et al. (2012) added to the 
success of using STEM in teaching and 
learning activities by saying that this approach 
is also able to help students understand the 
scientific process, problem solving techniques 
and the application of technology. 
 
3.2 Students’ Learning Outcomes Resullts 
Data Analysis 
Assessment of students’ learning outcomes on 
substance material and its characteristics in 
this study were obtained from pre-test and 
post-test values which aim to determine the 
increase in student learning outcomes 
between the control and experimental classes 
at Darul Ihsan Islamic Junior High School Aceh 
Besar. The pre-test and post-test scores can be 
obtained after students answer the questions, 
which amount to 20 items. Before being given 
to students, the questions were validated first 
by two experts. Pada (2014) stated that the 
validation function in research activities is to 
draw scientific conclusions about the 
relationship between variables and as a 
support for the test to be used. The giving of 
pre-test questions in both classes was carried 
out at the first meeting before implementing 
the learning model. Post-test questions were 
given to both classes after the implementation 
of the PjBL-STEM model in the experimental 
class and DL model in the control class. The 
results obtained were then tested using the 
normality test, homogeneity and hypothesis 
testing (t-test) to see the increase. 
 
Learning outcomes can be seen from the 
acquisition of pre-test and post-test scores 
that have been given to students. The 
students’ pre-test score in the control and 
experimental classes was 40.5 and 44.67. This 
result shows that the pre-test average score 
for both the control and experimental classes 
is still low. This explains that the knowledge of 
students on substance materials and their 
characteristics is still low. The post-test was 
carried out at the last meeting to see how 
much increase in students' knowledge after 
the teaching and learning process. The 
average post-test percentage of the control 
and experimental classes is 80 and 84. Based 
on this score, the knowledge of students in 
both classes increased, but the experimental 
class has a higher increase than the control 
class. 
 
This proved that learning process using PjBL-
STEM model can make student learning 
outcomes better. This statement is in 
accordance with Astuti et al. (2019) which 
stated that the PjBL-STEM model can improve 
students' mastery of concepts which will have 
an impact on learning outcomes. Sumardiana 
et al. (2019) stated that learning by utilizing 
the STEM-based PjBL model can help students 
gain new knowledge that can be used to solve 
various kinds of problems in real life. Learning 
by utilizing the PjBL model can make students 
better understand the material being taught. 
This is due to the assignments to find and 
explore their own solutions to the problems 
given then discuss them together in class 
(Anita, 2017). The use of PjBL in the learning 
process according to Sitaresmі et al. (2017) can 
also improve students' learning practices. 
 
3.2.1 Students’ Learning Outcomes T-Test 
Based on the normality and homogeneity test, 
it is known that the students’ learning 
outcomes data are normally distributed and 
homogeneous, so that the t-test can be done 
to see whether the hypothesis is accepted or 
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rejected. The t-test was measured using an 
independent sample test through SPSS 
version 20 software with a significant value of 
0.05. The test results showed that the post-test 
scores in the control and experimental classes 
obtained t-count (2.011) > t-table (1.666), it can be 
concluded that there is a significant difference 
between the two classes. This difference can 
be seen in the class that was treated using the 
PjBL-STEM model which had a higher score. 
 
3.2.2 Students’ Learning Outcomes 
Improvement 
Assessment of learning outcomes was 
measured using the N-gain which aims aims 
to see the improvement that occured in the 
control and experimental classes. Complete 




Figure 3. Improvement of Students’ Learning 
Outcomes 
 
Figure 3 shows that in general there is an 
increase in students’ learning outcomes in the 
control and experimental classes. The 
improvement that occurred in the two classes 
did not have a significant difference. The PjBL-
STEM model did not provide a significant 
difference, because the increase in learning 
outcomes that occurred in the experimental 
class was not much different from the control 
class that applied the DL model. With the score 
acquisition of 80 in the control class and 84 in 
the experimental class, both scores have 
exceeded the the minimum completeness 
criteria set by Darul Ihsan Islamic Junior High 
School Aceh Besar. Based on observations 
made during the learning process, students in 
both classes seemed active and enthusiastic in 
following the learning process. 
 
The students’ learning outcomes 
improvement in the experimental class was 
due to an opportunity for students to develop 
their skills and knowledge when carrying out 
practical activities based on the PjBL-STEM 
student worksheets which given at the third 
meeting. The statement that supports the 
improvement of learning outcomes due to the 
application of this model was stated by Tipanі 
et al. (2019) that PjBL-STEM can improve 
conceptual mastery of the material being 
taught and students' analytical abilities. Other 
opinions were also stated by Sumarnі et al. 
(2019) by saying that PjBL-STEM can help 




Based on the research that has been done, it 
can be concluded that there is an increase in 
students’ science process skills and learning 
outcomes after implementing the PjBL 
learning model through the STEM approach. 
The average score of the students' science 
process skills increased from 55 to 86 for the 
experimental class and 53 to 76 for the control 
class. The average score of the students’ 
learning outcomes increased from 26 to 84 for 
the experimental class and 28 to 80 for the 
control class. The test results showed that the 
post-test scores in the control and 
experimental classes obtained t-count (2.011) > 
t-table (1.666), it can be concluded that there is 
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